Greatly improved neurological outcome after spinal cord compression injury in AQP4-deficient mice.
Aquaporin-4 (AQP4) is a water channel protein expressed in astrocytes throughout the CNS. In brain, AQP4 facilitates water balance and glial scar formation, which are important determinants of outcome after injury. Here, we provide evidence for AQP4-dependent spinal cord swelling following compression injury, resulting in remarkably improved outcome in AQP4-null mice. Two days after transient T6 spinal cord compression injury, wild-type mice developed more severe hindlimb weakness than AQP4-null mice, as assayed by the Basso open-field motor score, inclined plane method and footprint analysis. Basso motor scores were 1.3 +/- 0.5 (wild-type) versus 4.9 +/- 0.6 (AQP4-null) (SE, P < 0.001). Improved motor outcome in AQP4-null mice was independent of mouse strain and persisted at least 4 weeks. AQP4-null mice also had improved sensory outcome at 2 days, as assessed by spinal somatosensory evoked responses, with signal amplitudes approximately 10 microV (uninjured), 1.7 +/- 0.7 microV (wild-type) and 6.4 +/- 1.3 microV (AQP4-null) (P < 0.01). The improved motor and sensory indices in AQP4-null mice corresponded to remarkably less neuronal death and myelin vacuolation, as well as reduced spinal cord swelling and intraparenchymal spinal cord pressure measured at T6 at 2 days after injury. AQP4 immunoreactivity at the injury site was increased in grey and white matter at 48 h. Taken together, our findings indicate that AQP4 provides a major route for excess water entry into the injured spinal cord, which in turn causes spinal cord swelling and elevated spinal cord pressure. Our data suggest AQP4 inhibition or downregulation as novel early neuroprotective manoeuvres in spinal cord injury.